Congenital heart disease (CHD) is the most common congenital disease among newborns in the world.[@ref1] Incidence estimates of CHD before the introduction of echocardiography ranged between 5 and 8 per 1,000 live births, while the current figures refer to approximately 8-12 per 1,000 live births.[@ref2],[@ref3] In Saudi Arabia, CHD per 1,000 newborn infants was 2.1 where the data were extracted from stratified listing according to the population census,[@ref4] 5.4 in Al-Qassim,[@ref5] and 7.4 in a study based on the national registry.[@ref6] The burden of CHD is predominant at the southwestern provinces and the northeast region of the Eastern province.[@ref6] The repair of heart congenital defects entails consuming high healthcare costs. Further, patients may experience hemodynamic residua or other types of complications later in their life, a matter which is more prominent in those with complicated anomalies.[@ref7] Therefore, it is plausible that patients with CHD are prone to readmission to the hospital after their initial procedures.

Hospital readmission may constitute a good reflect of the quality of the provided medical care and is associated with increased healthcare costs.[@ref8] Studies have shown that the readmission rate in children was 7% within 30 days of discharge^.9^ In particular, following open-heart surgeries in the newborns, unplanned readmissions may have a significant influence on the emotional and financial aspects of the families.[@ref10] Accurate assessment of the readmission-related factors is of a significant implication in order to take the relevant actions to reduce the rates of unnecessary hospitalization and minimize health costs. However, only a small number of studies were performed to assess the prevalence rate of readmission after CHD surgeries in children. This study aimed at analyzing the incidence, causes, and risk factors associated with following CHD surgeries in children.

Methods {#sec1-2}
=======

The current study is a retrospective chart review and includes patients who were subjected to primary surgical repair at the Pediatric Cardiology Unit, King Abdulaziz University Hospital (KAUH), Jeddah, Saudi Arabia between January 2013 and December 2016. It included all cases of children and adolescent (aged ≤14 years) who underwent corrective or palliative surgery based on the type of CHD; and was approved by the Institutional Review Board of KAUH. The study conformed to Helsinki Declaration.

The exclusion criteria included patients who were subjected to surgery after 14 years of age as well as secondary surgery cases.

A semi-structured form was used to collect data. The form included 5 divisions: i) baseline demographic and clinical factors (gender, age at surgery, CHD type, weight at surgery, presence of genetic syndrome, developmental delay, and so on); ii) preoperative factors as the need for mechanical ventilation (MV), preoperative length of stay (LOS)(days), baseline hemoglobin level (normal, low or high), and risk stratification using the risk adjusted classification for congenital heart surgery (RACHS) scale; iii) any intraoperative complications as injuries, bleeding, heart block, cardiac arrest; iv) postoperative data including pediatric intensive care unit (PICU) stay (days), drain tube stay (days), MV stay (days), and LOS from surgery to discharge and postoperative complications (cardiac, respiratory and renal complications, infections, feeding problems, and so on); v) readmission data including time from discharge to first readmission, cause, site (PICU or ward), readmission LOS, and number of readmission during the 12 months after surgery.

According to RACHS classification, cases were divided into 6 categories as previously described by Jenkins et al.[@ref11] Congenital heart disease cases were divided into 2 main groups of defects: group 1 including atrial septal defect, double outlet right ventricle, ventricular septal defect, tricuspid atresia patent ductus arteriosus; and group 2 including tetralogy of fallot, atrioventricular septal defect, transposition of the great arteries, pulmonary atresia, Total anomalous pulmonary venous return, coartaction of the aorta. The classification is based on postoperative length of stay findings that were described in a previous study involving the same population of patients.[@ref12]

Statistical analysis {#sec2-1}
--------------------

Data were analyzed using Statistical Package for Social Sciences version 21.0 for Windows (IBM SPSS Inc., Chicago, IL, USA). The primary study outcome was hospital readmission during the first year following surgical repair of CHD, and the related variable was analyzed as a binomial variable. Subsequently, participants were divided into 2 groups: readmitted and non-readmitted ones; groups were compared for different factors using Chi-square test or Fisher's exact test for categorical variables and independent t-test for continuous variables. Binary logistic regression was carried out to analyze predictors of readmission; univariate models were used to identify significant predictors and multivariate regression models were carried to analyze the significance of these predictors as independent risk factors. A *p* value of \<0.05 was considered to reject the null hypothesis.

Results {#sec1-3}
=======

Out of 203 children and young adults who underwent surgical repair of CHD during the study period, 14 were excluded as they died before any readmission. The demographic and clinical characteristics of the 203 patients as well as their surgical outcomes were presented in a previously published paper that analyzed LOS.[@ref13] Consequently, 189 patients were included, 30 (15.9%) were readmitted during the 12 months following congenital heart surgeries. Majority of readmission cases were in ward (27/30, 90.0%), occurred during the first month following discharge (20/30, 66.7%) and were motivated by infection (20/30, 66.7%). Length of stay of readmitted patients was \<10 days in 17/30 (56.7%) of the cases (**[Table 1](#T1){ref-type="table"}**).

###### 

Readmissions during the 12 months following surgical repair of congenital heart defects (N=30, 15.9% of total participants).
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Demographic and baseline clinical factors associated with unplanned hospital readmission {#sec2-2}
----------------------------------------------------------------------------------------

The percentage of readmissions was higher among younger age categories: \<30 days (17.6%) and 1-12 months (26.3%) versus 1-5 years (10.0%) and \>5 years (2.8%) (*p*=0.006); low weight at surgery \<5 kg (29.4%), 5-10 kg (18.3%) and \>10 kg (3.0%) (*p*\<0.001); and patients with failure to thrive (35.5%) versus those without (12.0%) (*p* =0.001) (**[Table 2](#T2){ref-type="table"}**).

###### 

Participants demographic and clinical characteristics and their correlation with postoperative length of hospital stay (N=189, excluding 14 deaths).
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Perioperative factors of unplanned hospital readmissions {#sec2-3}
--------------------------------------------------------

Readmission was associated with preoperative MV (40.7% versus 11.7%; *p*\<0.001), intraoperative complications (41.7% versus 14.1%; *p*=0.025), extended postoperative LOS (25.7% versus 4.5%; *p*\<0.001), and the occurrence of early postoperative complication (21.1% versus 4.9%; *p*=0.005) by comparison to their counterparts. Intraoperative complications were reported in 12 patients (6.3%) and included 3 cases of cardiac arrest, 3 cases of injuries, 3 cases of bleeding, 2 cases of heart block, and one case of diaphragmatic paralysis. Further, long postoperative MV stay (*p*=0.007) and drain tube stay (*p*=0.011) were associated with higher percentage of readmissions (**[Table 3](#T3){ref-type="table"}**).

###### 

Perioperative factors of unplanned hospital readmissions following surgical repair of congenital heart defects.
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Predictors of unplanned readmission {#sec2-4}
-----------------------------------

In univariate regression models, age at surgery 1-12 months (odds ratio \[OR\]=12.50; *p*=0.016), low weight at surgery (\<5 kg: OR=13.54, *p*=0.001; 5-10 kg: OR=7.28, *p*=0.011), preoperative MV (OR=5.17, *p*\<0.001), as well as intraoperative complications (OR=4.34, *p*=0.019) were significant predictors of unplanned readmission. Postoperative predictors included postoperative LOS≥10 days (OR=7.28, *p*\<0.001), PICU stay (OR=1.07, *p*=0.001), MV stay (OR=1.14, *p*=0.002), drain tube stay (OR=1.05, *p*=0.016), infections (OR=3.29, *p*=0.006), respiratory complication (OR=4.32, *p*\<0.001), and presence of feeding problems (OR=3.04, *p*=0.022) (**[Table 4](#T4){ref-type="table"}**). Based on significant predictors in univariate regression analysis, various multivariate models were tested; among these a 4-factor model showed preoperative MV (OR=3.95, *p*=0.005) and postoperative LOS \>10 days (OR=3.60, *p*=0.038) to be the only independent risk factors of readmission (**[Table 5](#T5){ref-type="table"}**).
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Perioperative factors of unplanned hospital readmissions following surgical repair of congenital heart defects.
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###### 

Independent risk factors of readmission following surgical repair of congenital heart defects (multivariate binary logistic regression).
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Discussion {#sec1-4}
==========

The present study probed into unplanned hospital readmission following CHD first repair surgery and showed that one in 7 patients are readmitted in hospital during the 12 months of postoperative follow up; by exclusion of those who deceased during intervention or in early postoperative time. Further, this study highlighted 2 independent risk factors for unplanned readmission including preoperative MV and extended postoperative LOS (\>10 days).

Unexpectedly, plausible parameters such as RACHS category, intraoperative complications, and the occurrence and number of postoperative complications were not demonstrated to be independently associated with unplanned hospital readmission; although, these showed to be statistically significant predictors in univariate regression models.

Despite the insufficient consensus about its exact quantifiable performance parameters, hospital readmission remains to be an essential element of the decision-making process for healthcare providers and policymakers who strive for delivering optimal quality care along with consumption of minimal resources.[@ref14],[@ref15] Readmission is basically linked to index hospitalization in general. During the past 2 decades, postoperative outcomes have been substantially improved in regards to mortality.[@ref16],[@ref17] Focusing on the congenital heart surgeries, several attempts have been established to reduce hospital LOS and the associated cost, such as employing a critical pathway[@ref18] or fast-track extubation,[@ref19] yielding promising outcomes. However, readmissions that may remain high in CHD patients should drive similar attention, as they yield comparable burden in term of morbidity and health expenditure.

In the present study, the rate of readmission was 10.5% within 30 days and 15.9% after one year of discharge following the congenital heart surgeries. The majority of studies from literature focused on the 30-day time frame. For example, a similar figure was reported in a previous study,[@ref20] where 10.8% of children with CHD in Atlanta were readmitted after their corrective surgeries. This was also typically consistent with a 10.5% readmission rate as per results of a multi-institutional analysis in the United States.[@ref21] A slightly lower rate (9.7%) was reported among the children who underwent elective cardiac surgery procedures.[@ref22] On the other hand, in a large population-based study in Canada, the rate of readmission within 30 days was larger (14%) in children aged 0-17 years during a 15-year period.[@ref10] Readmission rates may differ by type of CHD and or procedure; for example, Mackie et al[@ref23] found that the readmission rates were 3.8% following arterial switch procedures, while 11.4% readmissions were reported after Norwood procedures. In general, the readmission rates in KAUH were relatively similar to those of other studies. However, readmission to other hospitals may interfere the true rates, since the patient with an urgent intervening illness (comorbid with CHD) may be readmitted to another hospital closer to his/her home.

Preoperative MV and postoperative LOS can be considered as nonspecific parameters that may be independently associated to other more clinically significant factors such as RACHS category, type of CHD, type of surgery; however, investigating these associations was beyond the scope of this study. Consistent with our findings, Kogon et al[@ref20] found also that MV was one of the associated preoperative factors with the likelihood of readmission, which was in agreement with Saharan et al.[@ref13] Actually, the preoperative criteria of the patients reflect the severity of their condition, where the need for longer MV associated with higher RACHS category indicated an increased burden of CHD. This in turn would require readmission following surgeries as the patient might experience significant hemodynamic instability and risk of hospital-acquired infection.[@ref24] Indeed, reports have shown that the patients with a complex CHD had a 2.3-4.1 greater risk of readmission after the index hospitalization.[@ref25]

Total postoperative LOS for more than 10 days and PICU LOS were included as independent risk factors of readmission in the present study. This finding is consistently reported in most of the studies.[@ref10],[@ref13],[@ref20],[@ref23] In addition, Smith et al[@ref21] have shown that the overall hospital LOS and PICU LOS were approximately 2-fold longer in the readmitted CHD patients. This was in agreement with the findings of Kogon et al,[@ref20] where the total postoperative LOS for more than or the same period was an independent predictor of readmission (relative risk \[RR\] 4.24, 95% CI 2.26 to 7.96, *p*\<0.0001) along with preoperative failure to thrive and the Hispanic ethnicity. Actually, the prolonged LOS is potentially explained by greater complicated conditions along with the lack of support in the outpatient setting.[@ref25] Further, the high rates of postoperative infection may represent a major contributor in extending the LOS as demonstrated in our previous study.[@ref12] In addition to increasing the liability to readmission, prolonged LOS in the hospital would consume a great amount of inpatient resources that could be originally prevented if adequately handled.

Although not being an independent risk factor, the occurrence of any postoperative complication was associated with 5.17 odd probability of readmission during the 12 months following surgery; with great significance for respiratory complications, infections and diet/feeding problems. However, this study did not explore the relationship between postoperative complications and the causes of readmission; reports from literature highlight the high prevalence of respiratory problems and infections in readmission among CHD patients. In the studies of Kogon et al[@ref20] and Saharan et al,[@ref13] pleural effusion was the leading cause of readmission following CHD surgeries, while the respiratory causes in general were the main etiologies of readmission in a study by Smith et al.[@ref21] Drainage tube stay was another factor that was statistically associated to readmission after CHD repair without being an independent risk factor. Pleural effusion continues to be real problem for the patients during the postoperative period and, if it persists for long time, it will cause a significant morbidity with prolongation of LOS. In our experience, a significant number of complications of Fontan surgery that caused readmission were related protein loosing enteropathy PLE and lymphatic dysfunctions. The exact reason for postoperative pleural effusion has not been clearly identified although some evidences have shown that the increase in pulmonary artery pressure, reduction of the ventricular function, and prolonged MV contribute to longer drainage tube stay.[@ref26],[@ref27] It is worthy to note that Glenn and Fontan procedures are the most common procedures wherein pleural effusion is observed[@ref13] despite the successful approach to reduce the overall drainage tube stay by a recent study by Pike et al.[@ref28]

Similarly, infection represented one of the most prevalent cause of readmission in CHD patients. A recent study including 16 developing countries revealed that postoperative infection contributed significantly to morbidity and mortality after CHD surgery, leading to longer duration of postoperative MV and longer LOS in the PICU.[@ref29] Additionally, the risk of infection would be substantially increased in younger cases. Infants were more likely to be readmitted independent of the severity of their condition.[@ref30] This may be explained by their low physiologic reserve that might render a great risk of acquiring viral infection. From another perspective, Mackie et al[@ref10] suggested that there may be a less tendency of the physicians to hospitalize infants upon the incidence of complications when compared to older children.

The aforementioned observations should be interpreted within the boundaries of the study limitations; such as the retrospective design that generally entails considerable bias and lack of some key variables, which hinder adequate analysis of independent risk factors and confounders and their effect on the postoperative outcomes. Moreover, small sample size reduced the statistical power of some analysis, notably subgroup analysis by type of procedure, type of CHD, so on and their effect on readmission rate. Another important limiting factor is that some patients could not be included as they may be readmitted to other hospitals after their index hospitalization at KAUH. It is possible also that home nursing care and clinic visits following the surgery may be of a significant role that should be born in mind. Finally, available data did not enable investigating further factors such as the surgical proficiency of the surgeons, which may affect the surgical outcomes and subsequent complications and readmission.

In conclusion, approximately one in 7 CHD patients are re-hospitalized during the 12 months following first repair surgery, and this rate is similar to that reported in other studies. Re-hospitalization was independently predicted by preoperative MV and extended postoperative LOS (\>10 days), both being probably linked to other more specific, modifiable factors that should be identified to reduce the rate of readmission and the related morbidity and costs. Other significant factors associated with re-hospitalization that were identified in this study; among these younger age, low weight at surgery, and preoperative MV, in addition to intra- and postoperative complications, drain tube stay, and presence of feeding problems. It is therefore recommended to take the suitable actions in order to control the modifiable risk factors such as infections as well as considering the possible role of surgical expertise in preventing the postoperative complications. This would ultimately serve a promising approach to reduce burden with to health and financial aspects.
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